Beef steers (n = 1,914) were assigned to 1 of 3 β-adrenergic agonist (βAA) supplementation treatments-zilpaterol hydrochloride (ZH; 8.3 mg/ kg of DM for 20 d with 3-d withdrawal), ractopamine hydrochloride (RH; 308 mg·head -1 ·d -1 for 28 d), or no βAA (CON)-to determine the effects on consumer eating quality. Strip loins (n = 1,101; CON = 400, RH = 355, and ZH = 346) were obtained and fabricated into 2.5-cm-thick steaks for proximate, Warner-Bratzler shear force (WBSF), slice shear force (SSF), and consumer analyses; steaks were aged until 14 or 21 d postmortem. Fat and moisture contents were not affected by βAA supplementation (P > 0.05), but strip steaks from steers fed ZH had more protein (P < 0.01) than those from steers fed CON or RH, which were similar. An interaction between βAA and aging was observed (P < 0.01) for WBSF but not SSF. Within steaks aged 14 d, ZH steaks required the most force to shear, RH steaks were intermediate, and CON steaks had the lowest WBSF values; however, RH steaks had a stronger response to aging than CON or ZH steaks, resulting in the lowest WBSF values at 21 d. Slice shear force values were greater (P < 0.01) in steaks from steers fed ZH than in steaks from steers fed CON or RH, which did not differ. Following shear force analyses, steaks within 2 SD of each treatment mean for WBSF were selected randomly for consumer assessment of eating quality. Consumer testing (n = 400; 200/postmortem aging period) was arranged in a 3 × 3 factorial representing 3 quality grades (Select, Low Choice, and Premium Choice) and 3 treatments (ZH, RH, and CON). In steaks aged 14 d, βAA supplementation affected (P < 0.01) tenderness, flavor, and overall liking and tenderness acceptability, resulting in lower consumer scores for ZH than CON and RH; however, juiciness, flavor, and overall acceptability were similar (P > 0.05). In steaks aged 21 d, feeding βAA influenced (P < 0.01) only tenderness and juiciness scores. Despite these differences, βAA did not affect (P > 0.05) acceptability. Quality grade impacted (P < 0.01) all traits and acceptability in steaks aged 14 and 21 d. In 14-d steaks, Premium Choice typically was scored higher than Low Choice or Select; however, consumers rated 21-d Low Choice and Premium Choice similarly-both receiving greater scores than Select. Consumers detected several differences in eating quality at 14 d because of βAA supplementation. Increasing aging from 14 to 21 d mitigated differences in shear force and tenderness scores because of feeding ZH, so that tenderness and overall acceptability were similar between ZH, RH, and CON.
INTRODUCTION
Within the past decade, a class of growth promotants, known as β-adrenergic agonists (βAA), has emerged in the beef feeding industry to improve performance and enhance carcass yield. Currently, 2 have gained U.S. Food and Drug Administration approval for use in beef finishing diets: ractopamine hydrochloride (RH) and zilpaterol hydrochloride (ZH). Although βAA supplementation feeding trials have been conducted across a wide variety of breed types, none have targeted cattle that were phenotypically selected for their propensity to exhibit excellent carcass characteristics, in terms of marbling. To date, ZH consistently reduces marbling score, regardless of the cattle population, while most results from RH supplementation suggest a small reduction or no effect on marbling score (Garmyn and Miller, 2014) . However, the conditions of both ZH and RH supplementation can impact carcass quality.
Supplementation with ZH or RH has historically had a negative impact on shear force (Avendaño-Reyes et al., 2006; Scramlin et al., 2010; Arp et al., 2013) , but previous consumer studies have shown tenderness and shear force differences from ZH supplementation do not always translate to adverse consumer responses for palatability and acceptance (Hilton et al., 2009; Mehaffey et al., 2009) . Moreover, no consumer testing has been conducted as the result of studies directly comparing RH and ZH in the same cattle population. Therefore, the objective of this research was to characterize the effects of ZH, RH, and no βAA supplementation on the composition, raw and cooked color, instrumental tenderness, and consumer acceptability of strip loin steaks from high quality beef steers.
MATERIALS AND METHODS
All procedures involving the use of animals followed the guidelines described in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 2010) .
Cattle Feeding
Beef steers (n = 1,914; initial BW 360 kg) were assigned to 1 of 3 treatments: ZH (Merck Animal Health, DeSoto, KS) fed at 8.3 mg/kg of DM for 20 d with a 3-d withdrawal as supported by the U.S. Food and Drug Administration (2006) , RH fed at 27.3 g/t (308 mg·head -1 ·d -1 ; Elanco Animal Health, Greenfield, IN) on a DM basis for 28 d with a 0-d withdrawal as supported by the U.S. Food and Drug Administration (2003) , or no βAA (CON). British-type steers (primarily red or black hided) originating from the western United States (CA, ID, NE, and OR) were blocked by origin and initial phenotypic selection for cattle with propensity to exhibit good to excellent marbling characteristics, resulting in 8 blocks per treatment (24 pens total). Animals were excluded based on phenotype, weight extremes, and health. Steers were assigned randomly to pens (75-83 head/pen), and pens within blocks were assigned randomly to treatments. Cattle were on feed an average of 166 d (range: 138-189 d) at the research site in Parma, ID.
Slaughter and Carcass Data
Twenty-eight steers were removed from the trial, and the remaining cattle (n = 1,889) were transported to a commercial beef plant located in Toppenish, WA, on 4 separate slaughter dates, each approximately 1 mo apart (February 28, 2012 -May 23, 2012 . Hot carcass weight was recorded on the day of slaughter. After the carcass chilling period, trained personnel collected carcass data including marbling score, USDA quality grade (Service, 1997), 12th rib fat thickness, LM area, and percentage of KPH. The USDA yield grade (Service, 1997) was calculated from HCW, fat thickness, LM area, and KPH.
Subprimal Selection and Fabrication
A subset of carcasses (n = 1,101; CON = 400, RH = 355, and ZH = 346) from each harvest date were selected by treatment and quality grade. Carcasses were not selected outside the range of 317 to 499 kg, unless needed to meet minimum numbers for a particular quality grade. We aimed to select the following numbers per treatment on each kill date: 20 Select, 20 Low Choice (lower one-third USDA Choice), and 50 Premium Choice (upper two-thirds USDA Choice). All Prime were selected, and No Rolls (USDA Standard; 30+ month) were not retained for further evaluations. Subprimals from the selected carcasses were fabricated to comply with Institutional Meat Purchase Specifications (IMPS) according to the USDA (2010). One strip loin, boneless, 0 × 1 (IMPS number 180) was obtained from each selected carcass, vacuum packaged, and shipped to Texas Tech University Gordon W. Davis meat science laboratory (Lubbock, TX) and stored at 2°C until fabrication. On d 14 postmortem, subprimals were blotted dry, weighed (kg), and fabricated into 2.5-cm-thick steaks using a manual meat slicer (Model X13E, 33 cm; Berkel,a division of ITW Food Equipment Group LLC, Louisville, KY) to ensure uniform thickness. One steak was removed by hand from the anterior end of the strip loin to level the cut surface of the strip loin. This steak was reserved for analysis of proximate composition and pH. The next 8 steaks were assigned to shear force (1 steak per postmortem aging period; 14 or 21 d) or consumer testing (3 steaks per postmortem aging period; 14 or 21 d) in a rotating fashion to ensure each aging period and test (shear force or consumer testing) was represented at each anatomical position. One additional steak (the ninth 2.5-cm steak) was cut for analysis of raw color. At their respective aging time, shear and consumer steaks were frozen (-20°C) and stored until cooking.
Raw Color Analysis
The steak reserved for instrumental analysis of raw color was allowed to oxygenate, or "bloom," at 2 to 4°C for approximately 10 min after fabrication. After the 10-min bloom period, instrumental color measurements were obtained at 3 locations on the steak surface using a portable Minolta spectrophotometer (Minolta Camera Co., LTD, Osaka, Japan) with illuminant A for CIE L*, a*, and b* values, a standard observer angle of 10°, and a 1-cm diameter aperture. The 3 observations from each steak were averaged before statistical analyses.
Proximate Composition and pH
Frozen samples were thawed at 2 to 4°C for 24 h before analysis. Each sample was coarse ground through a table-top grinder (Kitchen Aid, model KP26Mixer Professional 600; Benton Harbor, MI) to obtain a 200-g sample. Proximate analysis was conducted using an AOAC International-approved (official method 2007.04; Anderson, 2007) near infrared spectrophotometer (FoodScan; FOSS NIRsystems, Inc., Laurel, MD). Fifteen independent readings were taken per sample and averaged for the final reported chemical values of fat, collagen, protein, and moisture.
At grinding, a 10-g sample was reserved for analysis of pH. The sample was homogenized in 90 mL of distilled, deionized water for 1 min using a blender (Oster, Boca Raton, FL). After homogenization, filter paper was used to prevent particulate collection around the electrode. The pH of the filtered solution was measured using an electrode and pH meter calibrated using 2 buffers (Accumet, model 13-620-285; Fisher Scientific, Pittsburgh, PA). The pH values were measured in triplicate and results were averaged before statistical analyses.
Slice Shear Force Analysis
Steaks were thawed at 4°C for 24 h before cooking. Steaks were cooked to an internal temperature of 71°C using a Magigrill belt grill (model TBG-60 Magigrill; Magi-Kitch'n Inc., Quakertown, PA) with a grill-plate temperature of 163°C. Temperature was monitored using a thermocouple probe (Type J; Cole Parmer, Vernon Hills, IL) attached to a thermometer (Digi-Sense; Cole Parmer). Individual steaks were weighed before and after cooking to determine cooking loss. Immediately after cooking, a 1-to 2-cm slice was removed across the width of the steak from the lateral end to square the steak and expose the muscle fibers. A cut was made across the width of the steak, parallel to and 5 cm medial of the first cut made on the lateral end of the steak, to obtain a 5-cm section from the lateral end of each steak. Next, a 1 by 5 cm slice was obtained from the lateral portion by cutting across the section at a 45° angle parallel to the muscle fiber orientation. Each slice was then center sheared perpendicular to the muscle fibers using a United force analyzer with a sliceshear attachment (model number SSTM-500; United Calibration Corp., Huntington Beach, CA) with a cross head speed of 500 mm/min and a load cell of 50 kg.
Cooked Color Analysis
The time and temperature of the steaks on removal from the grill were recorded. After removal of the lateral end, the remaining medial portion of the steak was covered with plastic wrap and allowed to rest at room temperature for 10 min. Following the rest period, the plastic wrap was removed to expose the cut surface for instrumental and subjective evaluation of cooked color. Trained color panelists (n = 3) evaluated the exposed internal cooked surface of the steak using this scale: 1 = very red, 2 = medium red, 3 = pink, 4 = slightly pink, 5 = pinkish gray, 6 = gray brown, and 7 = brown (AMSA, 1991). The "Beef Steak Color Guide" (AMSA, 1995) was used as a reference, representing scores 1 through 6; however, 7 was not visually represented in this guide. Panelist scores were averaged before statistical analyses.
Immediately after panel evaluation, the cut surface of the cooked steak was scanned 3 times with a portable Minolta spectrophotometer (specifications previously described). The 3 observations were averaged before statistical analyses.
Warner-Bratzler Shear Force Analysis
After each steak was subjected to slice shear force (SSF), the remaining portions were chilled at 2°C for 24 h. Six cores were removed parallel to the muscle fiber and were sheared once perpendicular to the muscle fibers using a Warner-Bratzler shear machine (G-R Manufacturing Co., Manhattan, KS). The WarnerBratzler head moved at a crosshead speed of 200 mm/ min. Warner-Bratzler shear force (WBSF) values were recorded in kilograms.
Consumer Testing
Human subjects were used in exempted research and the research was in full compliance with CFR 45 Part 46 (CFR, 2009) . The Texas Tech University Institutional Review Board approved procedures for use of human subjects for consumer panel evaluation of sensory attributes.
Consumer testing (n = 400) was arranged in a 3 × 3 factorial representing 3 quality grades (Select, Low Choice, and Premium Choice) and 3 treatments (ZH, RH, and CON). Consumers (n = 120) were recruited from Seattle, WA, and the surrounding areas for testing of steaks aged 14 and 21 d. Half (n = 60) of the participants sampled steaks aged 14 d postmortem, and half (n = 60) of the participants sampled steaks aged 21 d postmortem. Additionally, consumers (n = 280; 140/postmortem aging period) were recruited from Lubbock, TX, and the surrounding areas for testing of steaks aged 14 and 21 d. Only steaks within 2 SD of their respective treatment mean were selected for testing. Steaks were selected randomly within each treatment to equally represent every harvest group. Serving order was randomly determined before start of the study. The same order was used for every consumer; however, the starting position was shifted by 1 treatment for every 6 consumers to avoid positional bias. Therefore, each treatment was served in every position in equal proportions. Each consumer completed a demographic form, including information about beef consumption, age, sex, ethnicity, annual income, education level, and beef palatability factors.
Steaks were thawed for 24 h at 2°C and cooked on George Foreman grills (Original Next Grilleration, model GRP99; George Foreman, Westmont, NJ) to a medium degree of doneness (71°C). Each steak selected for testing was cut into 12 uniform pieces (1.3 by 1.3 by 2.5 cm) and served in duplicate (each panelists received 2 cubes from the same steak) to 6 panelists. Panelists rated tenderness (1 = extremely tough and 8 = extremely tender), juiciness (1 = extremely dry to 8 = extremely juicy), flavor liking (1 = extremely dislike and 8 = extremely like), and overall liking (1 = extremely dislike and 8 = extremely like). Panelists indicated if each trait (tenderness, juiciness, and flavor liking) was acceptable by checking yes or no. Panelists also checked if the steak was acceptable overall. Following evaluation, consumers could also provide any additional comments on their evaluation sheets. Between each sample, panelists were instructed to cleanse their palates using the crackers, water, and/or apple juice provided.
Statistical Analysis
Data were analyzed using a completely randomized design. Researchers targeted certain numbers from each quality grade to represent each treatment, which resulted in unbalanced numbers from each pen. Therefore, strip loin, as opposed to pen, served as the experimental unit. Analyses for raw color, proximate composition, and pH were performed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Beta-agonist treatment, quality grade, and their interaction were included as fixed effects. Analysis of shear force and cooked color was performed using a mixed model with βAA treatment, postmortem aging (d), and their interaction as fixed effects. Final cooked temperature was included as a covariate for cooked color but was removed from the model for shear force because of insignificance (P > 0.05). Treatment least squares means were separated with the PDIFF option of SAS at a significance level of P < 0.05. The percentage of steaks with WBSF values below 3.9 and 4.4 kg and SSF values below 15.3 and 20.0 kg were analyzed as binomial proportions using the GLIMMIX procedure of SAS, with the ILINK option of the LSMEANS statement used to calculate least squares means for the proportions (P < 0.05).
Consumer data were analyzed as a randomized complete block design with a 3 × 3 factorial arrangement of treatments. The fixed effects of quality grade, βAA, and the quality grade × βAA interaction were analyzed by aging period because consumers sampled steaks aged either 14 or 21 d postmortem. Random effects included individual consumer nested within testing day as well as test city. Tenderness, juiciness, flavor, and overall acceptability were analyzed as binomial proportions using the GLIMMIX procedure of SAS, with the ILINK option of the LSMEANS statement used to calculate least squares means for the proportions. Treatment least squares means were separated with the PDIFF option of SAS at a significance level of P < 0.05.
RESULTS AND DISCUSSION

Carcass
Within the subset of chosen carcasses, βAA impacted (P ≤ 0.02) all measured carcass traits except KPH (Table 1) . Carcasses from steers supplemented with ZH were heavier (P < 0.01) and had increased (P < 0.01) LM area over that of carcasses from steers supplemented with CON or RH. Zilpaterol hydrochloride reduced 12th rib fat thickness (P < 0.01) compared to RH or CON. As a result of heavier HCW, larger LM area, and less fat, ZH carcasses had lower (P < 0.01) numerical yield grades than CON and RH. Zilpaterol hydrochloride supplementation reduced marbling score compared to RH and CON counterparts, but means for all 3 treatments were equivalent to modest marbling.
Fabrication
As seen in Table 2 , strip loin subprimal weight was impacted by βAA supplementation (P < 0.01) but not quality grade (P = 0.52). Steers supplemented with ZH produced the heaviest strip loins, RH was intermediate, and CON subprimals were lightest. Previous research has shown supplementation with ZH can increase strip loin subprimal weight or yield in beef steers , which aligns with the currents results. Arp et al. (2014) reported an increase in strip loin yield (expressed as a percent change from control of total chilled side weight) from feeding ZH; however, increasing the amount of RH did not elicit a linear response in strip loin yield as steers fed 200 or 400 mg·head -1 ·d -1 had increased yield compared to CON but not 300 mg·head -1 ·d -1 . Scramlin et al. (2010) observed an increase in strip loin yield from feeding ZH but not RH (200 mg·head -1 ·d -1 ) to beef steers. , however, saw no change in strip loin yield from feeding ZH 20 to 40 d.
Instrumental color values of raw longissimus steaks are displayed in Table 2 . The L* values were impacted by both βAA (P = 0.03) and quality grade (P < 0.01). Steak muscles from steers fed ZH were lighter than steak muscles from steers fed RH or CON, which were similar. The L* values increased linearly as quality grade increased. For a* and b* values, both forms of βAA supplementation produced steaks that were less red and less yellow than CON, as indicated by lower a* (P = 0.02) and b* values (P < 0.01), respectively. Quality grade had no effect on a* or b* values (P > 0.05). Previous results from evaluating raw lean color of LM from steers supplemented with βAA vary. In calf-fed Holstein steers, ZH had no influence on instrumental color (L*, a*, and b* values) of LM at 7 d postmortem (Rogers et al., 2010) . In another trial of calf-fed Holstein steers with a similar design to the current study, L* was not influenced by βAA supplementation, but steaks from steers fed ZH were less red and less yellow (Martin et al., 2012) . Avendaño-Reyes et al. (2006) observed lighter steaks from supplementing with ZH and RH, but when specifically contrasting CON to RH or ZH, no differences were observed for a* or b* values. Previous studies supplementing RH have consistently shown no effect on L*, a*, and b* color scores at the time of carcass grading (Woerner et al., 2011) and 13 d postmortem (Gonzalez et al., 2009 ).
Proximate Composition and pH
The effects of βAA supplementation on proximate composition and pH are shown in Table 3 . Fat and moisture were not affected by βAA supplementation (P > 0.05), but strip loin steaks from steers fed ZH had more protein and less collagen (P < 0.01) than strip loin steaks from steers fed CON or RH, which were similar. Leheska et al. (2009) suggested ZH operates as a repartitioning agent primarily through increased protein and muscle deposition. The current results also are supported by Martin et al. (2012) , who found similar trends for all traits in calf-fed Holstein steers supplemented with ZH or RH. Rathmann et al. (2009) observed a similar trend for increased protein from feeding ZH; however, in contrast to the current results, the authors noted a decrease in fat and moisture with no change in collagen. According to Strydom et al. (2009) , both ZH and RH decreased LM fat with no change in protein.
Quality grade influenced (P < 0.01) fat, moisture, protein, and collagen contents of strip loin steaks, with a significant difference between each adjacent increase in 2 Pooled SE of least squares means. 3 Marbling score: 300 = slight 00, 400 = small 00, and 500 = modest 00. Scramlin et al., 2010) . Table 4 shows an interaction between βAA and aging (P < 0.01) for WBSF. Within steaks aged 14 d, ZH steaks required the most force to shear, RH steaks were intermediate, and CON steaks were lowest; however, RH appeared to have a stronger response to aging than CON or ZH, resulting in the lowest WBSF values at 21 d postmortem. Within steaks aged 21 d, ZH steaks had the highest WBSF values, CON steaks were intermediate, and RH steaks required the least force to shear. When considering the proportion of steaks considered very tender (3.9 kg; ASTM, 2011) and tender (4.4 kg; ASTM, 2011), ZH supplementation resulted in a lower percentage of both compared to CON and RH supplementation (P < 0.01). As postmortem aging time increased from 14 to 21 d, the proportion of steaks considered tender and very tender increased (P < 0.01). Both βAA and postmortem aging affected SSF (P < 0.01; Table 3 ). Slice shear force values were greater (P < 0.01) in steaks from steers fed ZH than in steaks from steers fed CON or RH, which did not differ. Similarly, ZH supplementation resulted in a lower percentage of steaks considered very tender (15.3 kg; ASTM, 2011) and tender (20.0 kg; ASTM, 2011) compared to CON and RH supplementation (P < 0.01). Much like the trend observed in WBSF values, increasing postmortem aging time from 14 to 21 d reduced SSF values and increased the proportion of steaks considered tender and very tender (P < 0.01).
Shear Force
An interaction between βAA and aging was observed (P < 0.01) for cooking loss (Table 4) . Steaks aged 21 d from CON steers had the lowest cooking loss. Beta-adrenergic agonist supplementation increased cooking loss compared to CON, particularly when steers were fed ZH.
Warner-Bratzler shear force, SSF, and cooking loss were subsequently analyzed by quality grade groups (Tables 5, 6 , 7, and 8) for USDA Select through USDA Prime, respectively. As shown when all grades were combined, an interaction between βAA and aging was observed (P = 0.03) for WBSF of USDA Select (Table 5) . Based on WBSF values, ZH supplementation resulted in a lower percentage of tender (P = 0.03) and very tender (P < 0.01) steaks compared to CON and RH. As postmortem aging time increased from 14 to 21 d, the proportion of steaks considered very tender increased (P < 0.01), but the percentage considered tender did not change (P = 0.20). Both βAA and postmortem aging affected SSF (P < 0.01; Table 5 ) of USDA Select steaks. Slice shear force values were greater (P < 0.01) in steaks from steers fed ZH than in steaks from steers fed CON or RH, which did not differ. Similarly, ZH supplementation resulted in a lower percentage of steaks considered very tender (15.3 kg; ASTM, 2011) compared to CON and RH supplementation (P < 0.01); however, the percentage of tender steaks was not affected by βAA supplementation or aging. An interaction between βAA and aging was observed (P < 0.01) for cooking loss (Table 5 ). The USDA Select steaks aged 21 d from CON steers had the least cooking loss, but no clear trend in cooking loss was evident because of βAA supplementation or postmortem aging.
Within the Low Choice quality grade, steaks from steers supplemented with ZH had greater (P < 0.01) WBSF values regardless of aging time than steaks from steers supplemented with RH or CON (Table 6 ). Increasing postmortem aging from 14 to 21 d increased (P = 0.02) the percentage of very tender steaks based on WBSF values, but βAA supplementation had no effect (P = 0.07). Steaks from steers supplemented with ZH had greater (P < 0.01) SSF values than steaks from steers supplemented with RH or CON, but the percentage of tender steaks (based on SSF values) was not influenced by βAA supplementation or aging (P ≥ 0.97). However, ZH supplementation result- ed in a lower percentage of very tender (P = 0.03) steaks compared to CON and RH supplementation, but aging for 21 d increased this percentage compared to aging for 14 d (P < 0.01). Feeding ZH increased (P = 0.04) cooking loss compared to feeding CON or RH.
As shown when all grades were combined, an interaction between βAA and aging was observed (P < 0.01) for WBSF of Premium Choice (Table 7) . Premium Choice steaks from steers supplemented with ZH had greater (P < 0.01) SSF values than Premium Choice steaks from steers supplemented with RH or CON. Aging these steaks 21 d resulted in lower SSF values than steaks aged 14 d (P < 0.01). Zilpaterol hydrochloride supplementation resulted in a lower percentage of very tender (P < 0.01) steaks compared to CON and RH supplementation based on WBSF and SSF values, but aging for 21 d increased this percentage compared to aging for 14 d (P < 0.01). Feeding ZH increased (P = 0.01) cooking loss compared to feeding CON or RH.
Supplementing steers with βAA and postmortem aging had no effect (P ≥ 0.10) on WBSF, SSF, the classification of steaks as tender or very tender, and cooking loss of USDA Prime steaks (Table 8) . Garmyn and Miller (2014) showed a well-documented increase in shear force from feeding both ZH and RH, although the conditions of supplementation can impact tenderness. Several studies have been designed to specifically compare the effects of ZH and RH; however, the level and length of supplementation can impact results as well as breed type and gender. Van Donkersgoed et al. (2011 a,b Within a row, least squares means without a common superscript differ (P < 0.05) because of beta agonist supplementation.
x-z Within a row, least squares means without a common superscript differ (P < 0.05) because of the treatment × aging interaction. (Arp et al., 2013 ). Differences we found in cooking loss generally are not supported by the literature (Hilton et al., 2009; Kellermeier et al., 2009; Garmyn et al., 2010) . More recently, however, Garmyn et al. (2011) noted increased cooking loss of longissimus steaks through 28 d of postmortem aging. Although not measured in the current study, potential changes in muscle fiber type and size could contribute to differences in cooking loss. Ractopamine hydrochloride supplementation has resulted in a fiber type shift from type I to type IIA or to fiber types that rely more on glycolytic than oxidative metabolism in steers (Gonzalez et al., 2009 ) and cull cows (Gonzalez et al., 2008) . In addition, LM 3 Observed significance levels for main effects of treatment, aging, and the treatment × aging interaction. type IIB fiber area has increased as a result of both RH and ZH supplementation, but only RH supplementation increased LM type IIA fiber area compared to CON (Strydom et al., 2009 ). According to Knobel et al. (2012) , ZH supplementation had a tendency to increase the area of IIX fibers but had no effect on fiber area of type I and IIA fibers. Although some results conflict, it appears there is potential for RH to shift fiber type from oxidative towards glycolytic metabolism. On the other hand, ZH supplementation seems to have more of an impact on fiber area in the longissimus, particularly on type II fibers, than on number or proportion. Keeping this in mind, cooking loss has been linked with certain fiber type properties. Ozawa et al. (2000) reported a positive relationship between the proportion of type IIA fibers as well as the relative area of type IIA fibers. Fiber diameter, however, of type I, IIA, and IIB fibers had no relationship to cooking loss (Ozawa et al., 2000) . Waritthitham et al. (2010) reported a positive relationship between cooking loss and fiber cross-sectional area of both slow-twitch and fast-twitch fibers in bulls. In pork, however, Kim et al. (2013) failed to detect any significant relationships between cooking loss and the cross-sectional area of LM type I, IIA, IIX, or IIB fibers. Although there are likely several contributing factors to changes in cooking loss, alterations to fiber types and their properties as a result of βAA supplementation could contribute to this change.
Internal Cooked Color
The effects of βAA supplementation and postmortem aging on subjective and objective measures of internal cooked color can be seen in Table 9 . When all quality grades were combined, an interaction between βAA supplementation and postmortem aging was observed (P ≤ 0.04) for trained color score, L*, a*, and b* values. No-βAA steaks aged 21 d had the lowest subjective color, suggesting panelists thought they were the most pinkish gray, as well as the greatest a* value, indicating those steaks were the most red. No-βAA steaks aged 14 d were intermediate for both traits, and all steaks from steers fed either ZH or RH had greater subjective color scores, indicating panelists rated them closer to gray-brown than pinkish gray, and the lowest a* values, indicating they were slightly less red than CON steaks. Steaks from steers supplemented with either βAA generally had lighter cooked color than CON, as indicated by greater L* values. No clear trend in b* values was observed despite the significant interaction between βAA supplementation and postmortem aging. Although these differences were significant, they appear to be of little consequence, as the total ranges in the mean L*, a*, and b* values were less than 0.8 units, resulting in a range of mean trained color scores of 0.3 units. The effects of βAA supplementation and postmortem aging on subjective and objective measures of cooked color can also be seen in Table 9 for each quality grade.
In alignment with the current results, Martin et al. (2012) also reported higher trained panel color scores and lower a* values because of βAA supplementation in calf-fed Holstein steers. Heat-induced protein degradation, particularly that of myoglobin, is responsible for the interior color changes of meat during cooking (Martens et al., 1982; Hunt et al., 1999) . Moreover, the rate of normal muscle pigment denaturation into the gray globin ferrihemechrome is influenced by pH and pigment concentration (Mendenhall, 1989) . Because muscle pH was not different between treatments in the current study, changes in internal cooked color could be partially explained by a shift in fiber type distribution or increased type II fiber area. Type IIX and IIB fibers are known to have lower myoglobin content and less redness (Choi and Kim, 2009; Lefaucheur, 2010) , which could explain lower a* values in both raw and cooked steaks from steers supplemented with ZH or RH.
Consumer Evaluation
A summary of demographic data of consumers can be found in Table 10 . Age was distributed fairly well between the age groups, and gender was evenly split between male and female. Over 90% of consumers ate beef at least once per week. Most (78%) households had 2 or 3 adults, and 40% of households had children. Approximately two-thirds of consumers prefer their steaks cooked to either medium rare or medium degree of doneness. Ninety-two percent of participants had annual household incomes greater than US$20,000. Similarly, 96% of consumers had graduated from high school or advanced further with their education. A majority of consumers were Caucasian (83.3%). Table 11 illustrates consumer responses for steaks aged 14 d postmortem. Mean WBSF were reported for the strip loins selected for consumer testing, revealing an interaction between quality grade and βAA supplementation (P < 0.01). Within the Select and Premium Choice grades, steaks from steers supplemented with ZH had greater shear values than steaks from steers supplemented with either CON or RH, which did not differ. Within the Low Choice grade, steaks had similar WBSF values, regardless of β agonist supplementation. Keep in mind that these steaks were selected randomly from the entire population provided WBSF values were within 2 SD of their respective treatment mean.
Tenderness, juiciness, flavor liking, and overall liking were influenced by quality grade as scores increased linearly for each trait with each adjacent shift in quality grade (P < 0.01). A greater (P = 0.05) percentage of consumers found tenderness, juiciness, and overall liking of Premium Choice acceptable compared to Select and Low Table 9 . Comparative effects of ractopamine hydrochloride (RH), zilpaterol hydrochloride (ZH), and no β-adrenergic agonist (CON) on trained color score of and instrumental color of cooked longissimus steaks aged 14 or 21 d from beef steers 1 a,b Within a row, least squares means without a common superscript differ (P < 0.05) due to beta agonist supplementation.
x-z Within a row, least squares means without a common superscript differ (P < 0.05) due to treatment × aging interaction. Choice, which did not differ (P > 0.05). However, flavor acceptability of Choice (Low and Premium) steaks was similar, but more consumers found Choice steaks acceptable in flavor compared to Select steaks. Beta agonist supplementation impacted (<0.01) tenderness and overall liking scores as steaks from steers supplemented with ZH had lower scores than steaks from steers supplemented with either CON or RH, which were similar (Table 11) . Flavor liking was also affected (P < 0.01) by βAA supplementation. Consumers preferred the flavor of steaks from CON steers more than steaks from steers supplemented with ZH; however, RH was similar to both CON and ZH (P > 0.05). Much like the trend for tenderness scores, a greater (P < 0.01) percentage of consumers found tenderness acceptable for steaks from CON and RH compared to ZH. Juiciness, flavor, and overall acceptability were not affected (P > 0.05) by βAA supplementation.
The effects of βAA supplementation and quality grade on consumer assessment of steaks aged 21 d postmortem can be seen in Table 12 . Beta agonist supplementation and quality grade affected (P < 0.01) WBSF. Select steaks had greater (P < 0.01) shear values compared to either Low or Premium Choice. Steaks from steers supplemented with ZH required more force to shear than either CON or RH within each grade. Both treatment and quality grade impacted (P < 0.01) tenderness scores as well. Consumers scored Choice steaks (Low and Premium) higher than Select for tenderness. Moreover, steaks from steers with CON and RH were perceived as more tender than steaks from steers fed ZH. Even so, tenderness acceptability was not affected (P > 0.05) by βAA supplementation. Juiciness was also influenced by quality grade and treatment (P < 0.01) as consumers believed CON and RH were juicier than ZH in all 3 grades. Consumers scored Premium Choice steaks more juicy than Low Choice, which were intermediate, and Select steaks were rated least juicy; however, a greater (P < 0.01) percentage of consumers considered juiciness acceptable in Choice (Low and Premium) steaks than Select. Choice steaks were rated higher (P < 0.01) than Select for both flavor and overall liking, which translated to greater (P < 0.01) flavor and overall acceptability of Choice vs. Select steaks aged 21 d postmortem. Beta agonist supplementation did not affect (P > 0.05) tenderness, juiciness, flavor, or overall acceptabilities of steaks aged 21 d postmortem. Despite differences in shear force of beef, consumers generally fail to find differences in beef from cattle fed with or without ZH. In instances when they find variation in scores for tenderness, juiciness, or flavor, they still consider the beef acceptable, particularly for tenderness and overall palatability. When Hilton et al. (2009) conducted a consumer panel in Lubbock, TX, beef flavor, juiciness, and overall quality scores were not affected by ZH supplementation. Although panelists believed meat from steers fed ZH (30 d) was less tender than beef from steers fed without ZH, tenderness and overall palatability acceptability were similar, regardless of ZH supplementation. According to Mehaffey et al. (2009) , consumers could not identify differences in tenderness, juiciness, flavor, and overall palatability between Select grade LM steaks aged 14 or 21 d from beef fed ZH for 0 or 20 d or LM steaks from Choice quality beef aged 21 d. However, ZH supplementation did result in reduced consumer scores for tenderness, juiciness, and overall palatability in 14-d aged Choice LM steaks. Even so, the proportion of consumers that considered tenderness and overall palatability acceptable was similar when scoring Choice and Select LM steaks from cattle fed with or without ZH ).
In conclusion, fat and moisture contents were not affected by βAA supplementation, regardless of differ- Within a column, least squares means without a common superscript differ (P < 0.05) because of beta agonist supplementation.
x-z Within a column, least squares means without a common superscript differ (P < 0.05) because of quality grade.
A-D Within a column, least squares means without a common superscript differ (P < 0.05) because of the treatment × QG interaction. 2 WBSF = Warner-Bratzler shear force.
3 1 = extremely tough, extremely dry, dislike flavor extremely, dislike overall extremely; 8 = extremely tender, extremely juicy, like flavor extremely, like overall extremely.
4 Pooled (largest) SE of least squares means.
ences in carcass yield; however, strip steaks from steers fed ZH had more protein than strip steaks from steers fed CON or RH. Both raw and internal cooked color were impacted by βAA supplementation, with scores from steaks of steers fed ZH or RH slightly less red than steaks of steers fed CON. An interaction between βAA and aging was observed for WBSF, indicating RH had a stronger response to aging than CON or ZH, resulting in the lowest WBSF values at 21 d. Slice shear force values were greater in steaks from steers fed ZH than in steaks from steers fed CON or RH, which did not differ. Consumers detected several differences in eating quality at 14 d because of βAA supplementation, including tenderness, juiciness, and overall liking. Despite these differences, acceptability for juiciness, flavor, and overall liking were similar among treatments. In steaks aged 21 d, WBSF values were greater and tenderness ratings were lower as a result of supplementation with ZH in comparison to supplementation with RH or CON. Ultimately, increasing aging from 14 to 21 d mitigated those differences in shear force and tenderness scores due to feeding ZH, so that tenderness and overall acceptability were similar between ZH, RH, and CON. Within a column, least squares means without a common superscript differ (P < 0.05) because of beta agonist supplementation.
x, y Within a column, least squares means without a common superscript differ (P < 0.05) because of quality grade.
1 Ractopamine hydrochloride (308 mg·head -1 ·d -1 ) for 28 d (Elanco Animal Health, Greenfield, IN); ZH (8.3 mg/kg on DM basis) for 20 d followed by a 3-d withdrawal period (Merck Animal Health, DeSoto, KS).
2 WBSF = Warner-Bratzler shear force.
